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(Bead at t l i c  ilfeetiiig, No,cciiibei- 2, 1910.) 
IN the course of an investigation which I recently undertook of Jaffh’s colorimetric 
method for the estimation of creatinine (ANALYST, 1909, 34, 475), I had occasion to 
make some experiments on the action of potassium cyanide on the alkaline picrate 
solution, and found, as might have been anticipated, that it exerted a powerful 
reducing action. This fact suggested the possibility of utilising the colour change 
for the estimation of small qusntities of hydrogen cyanide, and experiments to that 
end were at  Once commenced. It is, of course, well known that picric acid has long 
been employed as a test for cyanides, and I thought it would be well at the outset to 
study the reaction somewhat closely before attempting to devise a quantitative 
method. On referring to textbooks, I found that the test was described in various 
ways, but that in all cases the coloration was ascribed to the formation of alkaline 
isopurpurate or to (‘ picro - cyanic ” acid. Thus, Fresenius, in his ‘‘ Qualitative 
Chemical Analysis ” (ninth English edition), quotes Braun, and says : (‘ On mixing 
a moderately concentrated solution of an alkaline cyanide with a little picric acid 
solution (I of picric acid to 250 of water) and boiling, the fluid appears dark red from 
formation of picro-cyanate of potassa, the coloration increasing in intensity by 
standing.” A. Wynter Blyth, in (‘ Poisons : their Effects and Detection,” 1595, 
says : ‘ I  A hot solution of potassic cyanide mixed with picric acid assumes a blood- 
red colour due to the formation of picro-cyanic acid. Free HCN does not give this 
reaction, and therefore must first be neutralised by an alkali.” 
J. Gadamer in hi8 “Lehrbuch der chemischen Toxikologie, 1909,” page 277, 
says : (‘ Nach Ermiirmen des durch Kalilauge schwach alkalisch geniachten Destillats 
mi t wenigen Tropfen einer Pikrinsiiurelosung tritt bei Gegenwart von Cyanionen eine 
Rotfiirbung durch isopurpursiiures Kalium auf.” 
Hlasiwetz (Liebig’s Aiznaleit, 1859, 110, 289) has shown that when potassium 
cyanide in concentrated solution was heated to about 60” C. with a strong solution 
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470 THE ANALYST. 
of picric acid, a substance to which he gave the name of potassium isopurpurate 
was the chief product of the reaction. This crystallised readily and dissolved in 
water, giving solutions of a reddish-purple colour. The ‘‘ free acid ” was found to  
be very unstable, and could not be prepared. Considerably later Nietzki and Petri 
(Ber., 1900, 33, 1788) showed that the ‘‘ isopurpuric acid ” is dicyano-picramic acid 
or 4 : 6-dinitro-2-amino-3 : 5-dicyano-phenol. 
For the purpose of my experiments, a quantity of this substance was prepared 
by the method of Hlasiwetz (Zoc. cit.), and was found to have the properties stated. 
I t  is a reddish-brown substance, the crystals of which exhibit a green lustre. I t  is 
soluble in water, giving solutions of a reddish-purple colour, which is quite unlike 
that of the orange-red alkaline picramate solutions. A little reflection will show 
$hat, as the result of the interaction of picric acid, alkali and potassium cyanide, a 
number of substances may be formed according to the exact conditions under which 
these reagents are brought together. Thus, the reaction may be one of reduction, 
as in the case of the Jaff6 test, mon-amino-dinitro-phenol (picramic acid), diamino- 
nitro-phenol, and perhaps triamino-phenol, being formed. On the other hand, 
substitution of th6 cyanogen radical may occur, and isopurpurate and perhaps other 
cyanogen derivatives may be formed. 
We have seen that under the conditions specified by Hlasiwetz isopurpurate is 
the main product, as might have been expected, seeing that the potassium cyanide 
is in excess, the solutions nearly neutral and concentrated, and the temperature 
fairly high. I have found, however, that even under these conditions the mother- 
liquors from the isopurpurate crystals contain considerable quantities of the alkaline 
amino-nitro-phenoxides. I t  will be obvious, however, that these conditions are very 
different from those usually existing in analytical practice, and certainly cannot be 
realised when the object is to detect or to estimate very small quantities of cyanide 
in dilute solution. In  such cases the picric acid must be in excess and a sufficient 
quantity of alkali must be present if the reaction is to be at  all sensitive. Under 
these conditions I have found that isopurpurate is not formed, but only the amino- 
nitro-phenols. 
I t  consequently became a matter of importance to find some test by which it 
would be possible to determine whether isopurpurate had or had not been formed in 
a certain reaction, since it is clear that, whilst the formation of that substance would 
constitute a specific test for cyanogen, the formation of amino-nitro-phenols, as in 
the ordinary Jaff6 reaction, would only indicate the presence of some substance 
possessed of reducing properties. An examination of the absorption spectra of the 
two nitro-amino phenoxides and of the isopurpurate showed that no use could be 
made of this property. 
I have already indicated that isopurpuric acid is decomposed by strong acid, 
and it is even more unstable in the presence of alkali. When some caustic soda is 
added to a solution hf potassium isopurpurate, the reddish-purple changes at  once 
to a bluish-purple, then to a brownish colour, and finally, on warming for a few 
minutes, it becomes almost colourless-at least, in dilute solutions. In  the presence 
of excess of alkali, the amino-nitro-phenols, on the other hand, suffer no apparent 
change, the red colour of the solutions remaining permanent. Again, when an acid- 
Recourse was therefore had to chemical methods. 
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e.g., hydrochloric acid-is added to a solution of an alkaline picramate or a dianiino- 
nitro-phenoxide, the colour becomes very much reduced, the phenols themselves 
having very little colour-whilst the colour of the isopurpurate undergoes but little 
immediate change, unless a very large excess of acid is used. These two reactions 
afford, therefore, a simple method of ascertaining whether isopurpurate has been 
formed in any given reaction, and even permit in some cases of its approxiniate 
estimation in the presence of the nitro-amino-phenoxides. Thus, if the coloration 
is due simply to a reducing action, and to the forination of the nitro-amino- 
phenoxides, on adding a slight excess of hydrochloric acid it will almost disappear 
(in dilute solution), and will reappear on the addition of an excess of alkali. If, on 
the other hand, isopurpurate is present alone, the colour will undergo but little 
change on acidifying, but will disappear almost entirely on making distinctly alkaline 
and warming. Since the isopurpurate is decomposed by an excess of alkali, it is 
obvious that it cannot be formed in any of the experiments made under the ordinary 
conditions in which an excess of either caustic soda or carbonate of soda is present ; 
and, as a matter of fact, I found that in all the tests for hydrocyanic acid, carried 
out in the ordinary way, the action is simply one of reduction, and isopurpurate is 
not present. In  a solution made only faintly alkaline, and using an excess of 
cyanide with very little picric acid, a small quantity of isopurpurate is formed; but 
under these conditions the test is far from being a very sensitive one, and could not 
be utilised for the estimation of traces of hydrogen cyanide. Under these circum- 
stances the method as applied to the estimation of hydrogen cyanide loses much of 
its value and importance, for the colour reaction is one which may be produced by 
a considerable number of substances, including some that are easily volatile, and it 
is consequently essential that the analyst should take steps to assure himself that  
the reducing substance is really hydrogen cyanide, and none other. 
If, on the other hand, the coloration had been due to the formation of isopur- 
purate, it would have been a specific reaction, and consequently of considerable value, 
particularly in toxicological investigations. 
A. D. Waller (Proc. Phys., June 18, 1910; cf. also ASALYST, 1910, 406) has 
recently suggested the uBe of this method for the estimation of small quantities of 
hydrogen cyanide in the blood and tissues of animals post-mortem, and within 
certain limits it may be useful. Inasmuch, however, as several substances which 
might occur in toxicological practice, such as aldehyde, acetone, hydrogen sulphide, 
and possibly furfural, give the same reaction, and are distillable from an acid solution, 
i t  will be seen that, if used at  all, it must be with very great caution. I may add 
that I have carried out the method under the precise conditions laid down by Waller, 
and find that the coloration is entirely due to the amino-nitro phenoxides, and not 
to isopurpurate. As an instance of the error that might occur, owing to a failure to 
recognise the true nature of the reaction, I may point out that Decker ( A p t h .  Zeit., 
21, 848) has shown that the leaves of Nandilza domestim (a plant which is some- 
times used in medicine) yield both hydrogen cyanide and acetone on distillation. 
Here, of course, the hydrogen cyanide would be considerably overestimated, if the 
colour formation were assumed to be a characteristic and specific property of that body. 
Attempts were made to detect the presence of diamino-nitro-phenol, picramio 
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acid, and isopurpurate in the presence of one another, and although these were 
not altogether successful, i t  may be of 
differ e n ce s : 
some interest to record -the following 
H y d r o c h l o r i c  acid 
added to a dilute 
neutral solution. 
Caustic potash in  
excess added to 
the solutions pre- 
viously acidified 
with hydrochloric 
acid. 
Phospho-tungstic acid 
added to the acidi- 
fied solutions, if not 
too dilute.* 
Copper acetate sol n - 
t.ion added to 
neutral solution. 
Caustic soda in ex- 
cess added to the 
solutions to which 
copper acetate has 
been  p r e v i o u s l y  
added. 
Piuramic Acid. 
Colour becomes 
very faint. 
Orange-red. 
White precipitate. 
The colour disap- 
pears, the solu- 
tion a c q u i r i n g  
merely the colour 
of the added 
copper salt. 
cipitate. 
An olive-green pre- 
Uiamino nitro-phenol. 
C o l o u r  becomes  
very faint. 
Deep red. 
White precipitate. 
The colour disap- 
pears, the solu- 
tion a c q u i r i n g  
merely the colour 
of the added 
copper salt. 
precipitate. 
A reddish - brown 
Isopurpuric Acid. 
Colour diminishes 
slightly, but re- 
mains red. 
Colour  b e c o m e s  
first violet, then 
brownish ,  and 
finally, on warm- 
ing, a pale yellow. 
No precipitate. 
The colour remains 
practically un- 
changed. 
Deep blue precipi- 
tate. 
If the above facts in regard to the general nature of the reaction are clearly 
recognised, the method may, of course, have a certain measure of usefulness, and 
I therefore determined to ascertain to what extent it could be relied on for the 
estimation of small quantities of hydrogen cyanide. The solutions employed were 
the same as those used for the colorimetric estimation of creatinine-namely, a 
saturated aqueous solution of picric acid and a 10 per cent. solution of sodium 
hydroxide, as these appeared to correspond with the greatest degree of sensitive- 
ness, In  the first place, experiments were made for the purpose of arriving at  the 
most suitable temperature for making the tests. At  ordinary temperatures the 
reaction is slow, inany hours being necessary for the maximum development of 
colour ; at 70" C. the results appeared to be irregular ; and finally it was found that 
* Tlic ~liaiiiiiio-iiitro-i~li(,it~l givw a precipitate with this reagcnt in niucli more dilute solnlioiis than 
is the case wit11 pi (mnt i ( :  ucic!. 
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a temperature lying between 40" and 50" C. gave the best results, the full coloration 
developing in about ten to fifteen minutes. 
The following experiments showed that fifteen minutes is sufficient for the 
completion of the reaction. Two equal quantities of alkaline picrate (20 C.C. of 
picric acid solution and 10 C.C. of sodium hydroxide solution) were heated in a 
water-bath to 50" C., and, as soon as that temperature had been attained, 5 C.C. of a 
0.1 per cent. solution of potassium cyanide were added to the one. Fifteen minutes 
later the same volume of the potassium cyanide solution was added to the second 
tube, and both were maintained at 50" C. for fifteen minutes longer. Thus, the 
reaction had proceeded for fifteen minutes in the one case and for thirty minutes 
in the other. Both were then cooled, made up to 100 c.c., and after suitable 
dilution, the colours of the two were compared. They were found to be almostl 
identical, showing that nothing is to be gained by prolonging the experiment beyond 
fifteen minutes. In  other experiments the volume of picric acid solution was 
increased, with the same result. I n  the next place, it was sought to ascertain the  
maximum weight of hydrocyanic acid which should be present, when using 
20 C.C. of the picric acid solution, so as to get a constant and maximum coloration. 
Twenty C.C. of the picric acid solution and 10 C.C. of the caustic soda solution were 
used in each case, and volumes of the potassium cyanide solution, corresponding 
with 10, 15, 20, 25, and 30 mgrms. of hydrocyanic acid respectively, were added. 
After having been kept for fifteen minutes at 50" C., the solutions were diluted to 
the same extent, and their colours compared. Notwithstanding the very large 
differences in the amounts of hydrogen cyanide present in these experiments, all 
had approximately the same colour, the 30 mgrms. experiment being even lighter 
than the others. With such quantities of hydrogen cyanide as these, it will be 
obvious, therefore, that there is no colour proportionality. Another series of 
experiments was then made, using smaller quantities of hydrocyanic acid-namely 
I, 2, 4, 6, 8, and 10 mgrms. 9fter the completion of the reaction, the solutions 
were in all cases made up to 100 c.c., and from these diluted solutions volumes 
corresponding with 1 mgrm. were taken and, after the necessary dilution, were 
compared. I n  the experiments in which 2, 4, 6, and 8 mgrms. respectively were 
used, the colours were all precisely the same, being, if anything, slightly darker 
than in the one in which 1 nigrrn. mas taken, and also slightly darker than the 
10 mgrms. experiment. From this, it would appear that when using the above- 
mentioned volume of picric acid solution, the quantity of hydrocyanic acid present 
should not exceed 8 mgrms., nor should it fall below 1 ingrm. Series of experi- 
ments were then made with varying quantities of hydrocyanic acid, falling between 
2 and 8 mgrms., and it was found that under the same conditions the colorations 
observed were strictly proportional to the weights taken. Under the experimental 
conditions specified above, it was found that 0.02 mgrm. hydrocyanic acid could 
be recognised with certainty, and possibly less might be detected by varying 
somewhat the strength or volumes of the solutions used. 
The following results are instructive as confirming the conclusion expressed 
above-that with quantities of hydrocyanic acid appreciably below 1 mgrm. there is 
no longer a strict colour proportionality : 
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When the 1 mgrm. reaction liquid was diluted with an equal volume of water 
and compared with the 0.5 mgrm. experiment, it was found to be appreciably the 
darker of the two. The 2 mgrms. liquid was then diluted with water to four times 
its volume, and, on comparison with the 0.5 mgrm. experiment, was again found to 
be darker. When, however, the 1 mgrm. and the 2 mgrms. solutions were compared 
at equal concentrations of hydrocyanic acid, the colours were very nearly the same. 
It would appear, therefore, that 1 mgrm. of hydrocyanic acid is the minimum per- 
missible quantity, and 2 mgrms. is perhaps safer. In order to test the accuracy of 
the method, solutions containing accurately known quantities of hydrogen cyanide in 
the form of potassium cyanide were given to an operator under markings, so as to 
exclude the possibility of any bias, which is always difficult to avoid in colorimetric 
observations. The following results were obtained in twelve tests : 
Present. 
0.0030 
0.0050 
0.0015 
0.0025 
0-0045 
0.0065 
0-0040 
0.0020 
0.0080 
0*0060 
0.0019 
0.0080 
Found. 
... ... 0-0028 
... ... 0.0054 
... ... 0.0012 
. .. ... 0.0024 
... ... 0.0044 
... ... 0.0060 
... ... 0.0048 
... .., 0.0028 
... ... 0-0080 
... ... 0.0072 
... ... 0.0018 
... ... 0-0080 
It mill be seen from these results, which have been taken directly from the 
laboratory notebook, without any selection, that the method is susceptible of a fair 
degree of accuracy when such quantities of hydrocyanic acid as the above are in 
question. 
Since the colour formation, as in the creatinine estimation, is dependent upon at  
least two reactions-namely, the formation of picramic acid and of diamino-nitro- 
phenol-it will be clear that the conditions under which the colorimetric standard is 
prepared should be strictly identical with those of the solution containing the hydro- 
cyanic acid to be estimated. From this it follows that the best plan, when working 
with an unknown solution, is to dilute to a known volume, and by working with an 
aliquot portion of this to  arrive at  a rough estimation of the amount of hydrocyanic 
acid present ; and, knowing this, to wofk on such a volume of the remaining solution 
as may be necessary to give the best results, preparing at  the same time a standard 
solution contaiding approximately the same weight of hydrocyanic acid. 
The diminution of the red coloration when a certain ratio of hydrocyanic acid to 
picrate is exceeded is precisely analogous to that observed in the Jaffk method when 
too large B proportion of creatinine is used, and is due, as I have previously shown, to  
the reduction of some of the picric acid to colourless triamino-phenol-that is, beyond 
the stages of the amino-dinitro and diamino-nitro compounds. I n  this case, more- 
over, as I have pointed out, some isopurpurate may be formed, provided that the 
alkali is not in too large excess. 
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From the above it will be seen that the method may occasionally be useful for 
the estimation of small quantities of hydrogen cyanide, provided the conditions 
1 have specified are closely followed; but in all cases the analyst must have taken 
steps to assure himself that no other substance capable of reducing the alkaline 
picrate is present. Inasmuch as this will rarely be possible in ordinary practice, it 
is clear that the sphere of usefulness of this test must be very limited. Even as a 
qualitative test for the presence of hydrogen cyanide, this method is one of compara- 
tively little value, and, if used at  all, should be used for confirmatory purposes only. 
From what has been said it will be seen that isopurpurate can only bo formed when 
the hydrogen cyanide is present in considerable quantity, and when the reacting 
solution is but faintly alkaline. Under these conditions, the test is an insensitive 
one, and is altcgether inferior to several of the well-known and really characteristic 
reactions usually employed for the detection of hydrogen cyanide. 
I n  conclusion, I desire to offer my best thanks to my assistants, Mr. Fred. T. 
Harry and Mr. R. L. Collett, for valuable help in connection with this work. 
DISCUSSION. 
Dr. VELEY expressed the opinion that Mr. Chapman’s communication was most 
valuable, more especially as regards the proof that the formation of a dark red 
coloration on the addition of a certain volatile substance to an alkaline solution of 
picric acid might be due-(1) To the formation of the potassium salt of isopurpuric 
acid by hydrocyanic acid, hitherto supposed to be a sole determining cause ; or (2) to 
the formation of the potassium salt of picramic acid by reducing substances; or 
(3) conjointly to both changes under certain circumstances. The methods for the 
differentiation of changes (1) and (2), which Mr. Chapman had demonstrated, were 
of great importance. As to the formation of potassium isopurpurate, it appeared 
difficult to frame a quantitative determination of hydrocyanic acid upon the equation 
originally given by Hlasiwetz (Aizizaleiz, 1859, 110, 289), namely- 
C,H,N,Oj + 3KCN + 3H,O = C,H,IIN,O, + NH,+ GO, + 2KHO or K,CO, + H,O. 
Assuming for the purpose of argument the correctness of this equation, then it was 
clear that only two-thirds of the cyanogen ions on the left-hand side of the equation 
appeared in the isopurpurate on the right-hand side, the remaining one-third being 
converted into the carbonate. It was, of course, possible that under certain definite 
conditions such a change might take place ; but if there mere variations of conditions, 
such as temperature, relative masses of reacting substances, or the introduction of a 
third or even fourth substance, the proportion of two-thirds to one-third might be 
varied concomitantly. Those who had experience in the study of the conditions of 
chemical change were only too well aware that fixity of conditions was easy of speech, 
but difficult of practice. I t  was, however, most probable that the above equation, 
which had been copied by several generations of text-book writers, was only intended 
to be a mere outline of the chemical change in question. 
Mr. Chapman’c work on the production of colour as resulting from the reduction 
of picric to picramic acid, either by creatinine, as he had formerly shown, or by 
a volatile reducing substance, as now shown, was of great significance for medical 
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jurisprudence. In  a case of alleged poisoning by hydrocyanic acid or its salts, it 
would be incumbent upon the prosecution, relying upon the picric acid test, to prove 
that all substances, other than the acid, had been rigidly excluded. I t  might be 
urged by the defence that the deceased person had been an alcoholic and aldehyde 
was present in the organs, or that he had suffered from acetonuria, leading to the 
formation of acetone from ethyl aceto-acetate, or, in the case of a corpse buried and 
subsequently exhumed, that hydrogen sulphide or other volatile and reducing sulphur 
compounds had been formed by the process of decay. Mr. Chapman had cited 
aldehyde, acetone, and hydrogen sulphide as substances which reduce picric acid. 
To express the matter in the language of ‘‘ the man in the street ” : Would i t  be 
possible to swear a man’s life away by the picric acid test for hydrocyanic acid? 
In  the speaker’s opinion Dr. Waller’s investigations, to which allusion had been 
made, had proved conclusively that when hydrocyanic acid was injected or adminis- 
tered to animals, it goes preferentially to certain organs, namely, heart and brain, 
rather than to others, namely, muscle. These results would render great assistance 
in post-mortem examinations. Dr. Waller had also shown that the production of 
hydrocyanic acid by the decomposition of certain glucosides in plants was a sign of 
death, or of the beginning of death, and not of Zife. But this matter was mentioned 
merely as a point possibly interesting to the members of the Society, though not 
wholly cognate to the paper under discussion. 
In  conclusion, Dr. Veley expressed the hope that Mr. Chapman would continue 
his investigations on such an important matter of medical jurisprudence, which 
might, at any time, come before the cognisance of a Criminal Court of Justice. 
Mr. P. G. WARD said that the results which he had obtained in carrying out 
Dr. Waller’s method seemed to indicate that the method was accurate with quantities 
of hydrogen cyanide up to 2 mgrms., but iiot with larger quantities. In  one case of 
“ delayed ” viscera there was evolution of hydrogen sulphide, but the colour produced 
by the hydrogen sulphide disappeared completely after incubation at 40’ C. 
In  reply to a question put by Dr. DYER, Mr. Ward added that the addition of 
hydrogen cyanide after the reduction by hydrogen sulphide had taken place had not 
been tried. 
Mr. CHAPMAN said that beyond all doubt the method which Dr. Waller had used 
was in certain cases a valuable one, giving results which could not well have been 
obtained by any other means, and he (Mr. Chapman) should not like it to be 
thought that he desired to express a sweeping condemnation of it. Dr. Waller, 
however, in his experiments, was in a position to know precisely with what 
substance he had to deal; and he (Mr. Chapman) had brought the matter before the 
Society chiefly in order that other chemists, who might perhaps be disposed to apply 
the method in more general practice, might be warned that such knowledge was 
absolutely necessary if the results were to be relied upon. With the stronger 
picrate solution which he had used, he should expect the maximum detectable 
quantity of hydrogen cyanide to be larger than under Dr. Waller’s conditions, and 
with regard to the minimum quantity detectable his method was more sensitive. I n  
the case of ‘‘ delayed ” viscera, which Mr. Ward had mentioned, probably the quantity 
of hydrogen sulphide was sufhient to reduce the picric acid completely to tri-amino- 
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phenol, which was, of course, colourless. I t  was to be noted that, while the colour 
disappeared on the addition of ordinary reducing agents when these were added in 
excess, it persisted when an excess of cyanide was added, owing to the formation of 
the red stable isopurpurate. 
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